The mite fauna in foliage and litter of a sprayed alfalfa hay fi eld with the acaricide-insecticide bifenthrin, was studied based on monthly samplings from foliage and litter in Central Greece between [2008][2009]. Potential diff erentiations between this fi eld and two adjacent alfalfa hay fi elds, which were not subjected to pesticide applications and were managed with diff erent number of cuttings, were also evaluated in terms of population fl uctuation over time, population density, species richness, diversity and spatial distribution. The sprayed fi eld hosted 50 and 68 species and morphospecies in foliage and litter respectively, depicting high relative abundance of oribatid and prostigmatic mites. Neoseiulus aristotelisi Papadoulis, Emmanouel and Kapaxidi, was a new record for alfalfa, previously found in rice in Macedonia, Greece. The seasonal fl uctuation of mites, particularly in foliage, was similar in all fi elds. The spatial distribution of a Zygoribatula species, which was common and dominant in all fi elds, was also aggregated. Finally, the sprayed fi eld shared similar mite diversity with the two non-sprayed fi elds, but not similar species richness.
Introduction
The ecological role of mites in terrestrial ecosystems is signifi cant, since they can be plant pests, predators of other mites and insects (e.g. phytoseiid mites as thrips predators), decomposers, detritivores, scavengers, and parasites (Sabelis and Van Rijn, 1997; Schneider et al., 2004; Krantz, 2009) . Apart from faunistical surveys, a lot of work has been carried out within the framework of studying the impact of agricultural practices, such as the use of slurry in combination with tillage (Bosch-Serra et al., 2014) or postmining restoration treatments (Andrés and Mateos, 2006) on the population density, species richness and diversity of soil mites. Several studies have also emphasized population parameters of mites of the aerial part tera: Cecidomyidae) in Greece.
Despite the economic importance of this crop in Greek agriculture, little is known about the mite fauna of alfalfa in Greece. In this respect, Badieritakis et al. (2014) contributed with results regarding qualitative and quantitative information over mite assemblages of foliage and litter mites of two considerably similar and non-pesticide treated alfalfa hay fi elds in Central Greece, which only diff ered in the number of cuttings. In that study we found that the population fl uctuation of mites in the foliage of both fi elds was similar, unlike that of litter. The population density of mites also significantly diff ered between the fi elds except for Prostigmata. Moreover, litter was more species abundant in the less harvested hay fi eld, although the opposite was observed in the foliage of that fi eld when compared to the foliage of the more harvested fi eld. The latter also exhibited higher mite diversity apart from Prostigmata. Finally, the spatial distribution of mites was aggregated in all habitats.
Based on these fi ndings (Badieritakis et al., 2014) , the present work has as main objective to compare the mite fauna as well as the relative abundance of mites in the foliage and litter of a bifenthrin-treated alfalfa hay fi eld located in the same area (approximately 100 meters away) with the non-pesticide treated fi elds as well as the species richness, diversity and spatial distribution of mites in the foliage and litter.
Materials and methods

Sampling sites
This study took place between 2008 and 2010 within the experimental farm of Agricultural University of Athens in Kopais Valley (Central Greece) (38°23'51.68"N, 23°5'23.87"E). The fi eld used for this purpose was about 1,000 m 2 and succeeded a maize crop. This fi eld, thereafter indexed as "C", was approximately 100 m away from those reported as fi eld A and fi eld B by Badieritakis et al. (2014) , and was subject to the same agricultural practices and sown with the same alfalfa cultivar on the same day with the others. All fi elds were cut between May and October every year. Both fi elds, A and C, were harvested once a month on the same day, in comparison to fi eld B which was cut almost bimonthly. In addition, fi eld C was also sprayed with bifethrin 100 g/l EC in August and October 2008 and approximately bimonthly between March and September 2009. This pesticide was applied by local farmers at the application rate of 25 ml/50 l per 1,000 m 2 to control the population of C. medicaginis.
Sampling procedure and identifi cation of mites
The sampling procedure and mite identifi cation has been described by Badieritakis et al. (2014) . In total, 240 foliage samples and 288 litter samples (10 foliage samples and 12 litter samples collected once a month) were randomly collected from each fi eld during the two-year sampling period (2008) (2009) (2010) with metallic quadrats of 25*40 cm for foliage sampling and 14*16 cm for litter sampling. Mites were extracted with a modifi ed apparatus following the Berlese-Tullgren method in the laboratory and identifi ed to species and morphospecies (e.g. sp1, sp2, etc. or species A, B, etc.) based only on adult mites (Minor and Cianciolo, 2007) . The Orders and suborders of main interest under study were Mesostigmata, Sarcoptiformes: Oribatida and Trombidiformes: Prostigmata. Morphospecies were used in cases were identifi cation was diffi cult due to lack of suitable dichotomous keys or mite species descriptions. Due to unsuitability of the Berlese-Tullgren method for extracting eriophyid and tetranychid mites (Badieritakis et al., 2014) , the latter were only recorded in Table 1 without being quantifi ed. The dry weight of samples was also recorded for comparison reasons.
Data analysis
The classifi cation of mite taxa as dominant, infl uent or recedent was carried out according to specifi c criteria of dominance (Palyvos , 2008) . The non-parametric estimator of species richness, Jackknife 1, was used (Krebs, 1999; Colwell, 2013) as well as Shannon index (H') for the calculation of species diversity of mites (Hutcheson, 1970; Magurran, 2004) . The spatial distribution of common and infl uent mite species was estimated with Taylor's power law and Iwao's regression of patchiness (Badieritakis et al., 2014) . GLM of SAS JMP 7.0.1. statistical package at α = 0.05 (after a log (x+1) transformation of the dataset) was used to compare the population density of mites between fi eld C and fi elds A and B. The population density was expressed as the mean number of individuals per quadrat. The dry weight of foliage and litter samples collected was also compared between fi eld C and the other two fi elds by using GLM after a log (x) transformation of the data.
Results
Dry weight comparison
The mean dry weight of foliage samples of fi eld C was 7.70 g (± 1.37 g) without being signifi cantly diff erent from the respective dry weight calculated for fi eld A (d.f.=1, χ 2 = 0.1168, p= 0.7325) and fi eld Β (d.f.=1, χ 2 = 0.0286, p= 0.8657). In addition, the mean dry weight of litter samples in fi eld C was 4.09 g (± 0.40 g) revealing no signifi cant diff erence with the respective dry weight calculated for fi eld A (d.f.=1, χ 2 = 0.0369, p= 0.8475) and fi eld Β (d.f.=1, χ 2 = 1.3887, p= 0.2490). Therefore, no signifi cant diff erences were found regarding the plant biomass of fi eld C compared to that of the other two fi elds.
Mite fauna and relative abundance
In total, 23,263 individuals of mites (adults and juveniles) were collected from the foliage and litter samples collected from fi eld C between 2008-2010. In particular, 50 and 68 species and morphospecies were respectively recorded from foliage and litter samples belonging to Mesostigmata, Sarcoptiformes and Trombidiformes, many of which were common with those found in fi elds A and B (Table 1) . Many species were also common between fi eld C and fi elds A and B. A new species record for the mite fauna of alfalfa of Greece was that of the phytoseiid, Neoseiulus aristotelisi Papadoulis, Emmanouel and Kapaxidi. Sarcoptiformes and Trombidiformes were the most abundant mite Orders in both foliage and litter samples. Among Sarcoptiformes the family Oribatulidae recorded high relative abundance.
Population fl uctuation
Between 2008-2010 the population of total Acari hosted in the foliage of fi eld C (Fig.  1a ) presented high density in spring and summer. A similar seasonal pattern of population fl uctuation was detected in the case of Oribatida (Fig. 1b) . However, both Prostigmata and Mesostigmata had low population densities during the two-year study. In the , results are presented as "+" and "-" for these mites indicating their presence or absence respectively Field A: Unsprayed alfalfa fi eld managed with monthly cuttings Field B: Unsprayed alfalfa fi eld managed with bimonthly cuttings Field C: Bifenthrin-sprayed alfalfa fi eld managed with monthly cuttings case of prostigmatic mites, their population density peaked in April 2009 (Fig. 1b) .
In comparison to the fi ndings in foliage samples, the population fl uctuation of mites in litter revealed high population densities of mites in summer and autumn in both years (Fig. 1c) . The same seasonal pattern was detected in the case of Oribatida, although Prostigmata and Mesostigmata showed lower population densities, almost zero during long time periods (months) (Fig.  1d ).
Population density
Taking into account the results presented by Badieritakis et al. (2014) and Table 2 of the present study, signifi cant higher population density of mites was detected in the foliage and litter samples of fi eld B, when compared to fi eld C, except for Prostigmata, which were more abundant in fi eld C. On the other hand, the population density of mites was similar in the foliage of fi elds C and A, except for mesostigmatic mites, whose density was lower in fi eld C. In the case of litter, oribatid and prostigmatic mites recorded higher population density in fi eld C than in fi eld A, although that of total Acari and mesostigmatic mites was similar between these two fi elds.
Species richness and diversity
Litter hosted more mite species than foliage. Prostigmata were generally more species abundant when compared to other taxa. Taking into account Jackknife 1 estimator and its confi dence limits calculated for the mite fauna in all fi elds, it seems that fi eld C hosted similar number of mite species with fi eld B in foliage and litter, but lower number of species in foliage when compared to fi eld A. However, both fi elds, A and C, hosted similar number of mite species in litter. On the other hand, fi eld C shared also the same diversity of mites with fi elds A and B in foliage and litter (Table 3) .
Spatial distribution
Only Zygoribatula sp3 was dominant in foliage and litter and Zygoribatula sp1 was infl uent in litter of all fi elds (Table 4 ). These morphospecies had an aggregated pattern of spatial distribution (b > 1). Since parameter a of Iwao's regression of patchiness was not signifi cantly diff erent from zero, we can also assume that the basic component of mite populations could have been one individual per quadrat. Moreover, Taylor's power law had a better fi t to the data than Iwao's regression of patchiness (correlation coefficients r).
Discussion
The fi ndings of the present study stressed that the bifethrin-sprayed fi eld hosted many common mite species with the two unsprayed fi elds. The high relative abundance of oribatid mites in the bifenthrin-sprayed fi eld could be attributed to the previous maize crop. Maize has been reported to host Oribatida in New York by Minor and Cianciolo (2007) . Neoseiulus aristotelisi, a new phytoseiid species, was fi rst reported in Greece by Papadoulis et al. (2009) on Oryza sativa (Poaceae) in Macedonia, Greece. However, no other information is available on the preferred habitats of this species.
The population fl uctuation of total Acari in foliage of the bifenthrin-sprayed fi eld was similar with that in the unsprayed fi elds (Badieritakis et al., 2014) . Due to their high relative abundance among total Acari in foliage, a similar population fl uctuation of oribatid mites was also observed. The similar population fl uctuation of Oribatida could be attributed to their high relative abundance among total Acari. Since Zygoribatula was dominant in foliage and litter of the bifenthrin-sprayed fi eld, as it happened in the unsprayed, managed with diff erent number of cuttings, fi elds (Badieritakis et al., 2014) , we speculate that the high densities of oribatid mites in summer represented this genus. The population fl uctuation of prostigmatic and mesostigmatic mites in the foliage of the bifenthrin-sprayed fi eld was more or less similar with that in the unsprayed fi elds. Hence, the fi ndings demonstrate that the seasonal fl uctuation of mites in foliage is not aff ected by agricultural practices, such as pesticide application and diff erent number of cuttings. However, this was not the case for mites found in litter; it seems that no seasonal pattern of population fl uctuation of mites in litter can be designated for alfalfa. The population densities of prostig-matic and mesostigmatic mites in litter and foliage were very low, almost zero, for many months. This could be possibly attributed to the intensive management in the sprayed fi eld (cuttings and pesticide applications), which did not help the populations of these taxa to restore.
Mite population density in the bifen- 1 species belonging to Eriophyidae and Tetranychidae are not included 2 confi dence limits are rounded 3 degrees of freedom (d.f.) and t calculated according to Hutcheson's method for the comparison of fi eld C with fi elds A and B Field A: Unsprayed alfalfa fi eld managed with monthly cuttings Field B: Unsprayed alfalfa fi eld managed with bimonthly cuttings Field C: Bifenthrin-sprayed alfalfa fi eld managed with monthly cuttings thrin-sprayed fi eld was lower compared to the unsprayed fi eld with half number of cuttings, except for the density of prostigmatic mites in litter and foliage, which were lower in the unsprayed fi eld. By contrast, the mite population density did not diff er in the case of the bifenthrin-sprayed and the unsprayed fi eld managed with the same number of cuttings, except for mesostigmatic mites in foliage and oribatid and prostigmatic mites in litter. Agricultural practices, such as the application of pesticides can aff ect the mite communities of soil, particularly Mesostigmata whose density can be signifi cantly reduced in conventional fi elds in comparison to uncultivated sites (Bedano and Ruf, 2007) . In addition, many predatory arthropods tend to fi nd refugia in soil or litter of grasslands after the application of pesticides (Roberts et al., 2011) , which could explain the lower population density of mesostigmatic mites in the foliage of the bifenthrin-sprayed fi eld. In the case of oribatid mites the use of agrochemicals and intensive agricultural practices may reduce the organic matter of soil leading to lower population densities which cannot easily recover in the short term (Bedano et al., 2006) . On the other hand, Clapperton et al. (2002) concluded that prostigmatic mites are abundant in disturbed sites (heavily grazed prairies) in com-parison to other mite taxa of soil.
In terms of species richness, the bifenthrin-sprayed fi eld was poor in species in foliage when compared to the unsprayed fi eld with the same number of cuttings (Badieritakis et al., 2014) . This result is in accordance with the fi ndings of Koehler (1999) , that species richness of mites is negatively aff ected by agricultural practices.
The diversity of mites was similar between the bifenthrin-sprayed fi eld and the unsprayed fi elds. However, the diversity of mites was generally higher in the fi eld with monthly cuttings than that in fi eld with bimonthly cuttings (Badieritakis et al., 2014) . The diversity of mesostigmatic mites is reduced in conventional fi elds when compared to sites which are not disturbed (Bedano and Ruf, 2007) . On the other hand, the diversity of oribatid mites is usually negatively aff ected by the intensity of agricultural practices (Minor and Cianciolo, 2007) . In the case of the bifenthrin-sprayed fi eld, the increased disturbance seems not to have affected the diversity of prostigmatic and oribatid mites, possibly due to an increase of relative abundance of mite species that balanced the decrease in species richness.
An aggregated pattern of spatial distribution of common and dominant or infl uent mites (Zygoribatula sp1 and Zygoribatula Zygoribatula sp1 (infl uent) 21 0.52 ± 0.04* 1.59 ± 0.08* 0.98* 1.02 ± 0.77 2.22 ± 0.22* 0.91* Zygoribatula sp3 (dominant) 23 0.43 ± 0.08* 1.66 ± 0.09* 0.97* 0.59 ± 1.56 2.09 ± 0.14* 0.95* 1 Number of mean -variance and mean -mean crowding pairs used in the regressions 2,3,4 Parameters of Taylor's power law. Parameters log (a) and b (± S.E.) and correlation coeffi cient r 5,6,7 Parameters of Iwao's patchiness regression. Parameters a and b (± S.E.) and correlation coeffi cient r * signifi cant diff erence of parameters log (a), a and r from 0 and parameter b from 1 in both models (α = 0.05, t -test) at n -2 degrees of freedom Diff erent management: bifenthrin-sprayed + monthly cuttings (current study); unsprayed + monthly cuttings; unsprayed + bimonthly cuttings sp3) was confi rmed (b > 1 in Taylor's power law and Iwao's regression of patchiness). In addition, Taylor's power law fi tted better to the data when compared to Iwao's regression of patchiness. We also assume that Zygoribatula sp3 did not form colonies (parameter a of Iwao's regression of patchiness not signifi cantly diff erent from zero) as it happened in many cases of the unsprayed fi elds managed with diff erent number of cuttings (Badieritakis et al., 2014) .
Our results show that an occasionally sprayed with an acaricide-insecticide alfalfa hay fi eld hosted a rich mite fauna similar to that of two adjacent unsprayed alfalfa hay fi elds. The seasonal fl uctuation of mites was also similar in all fi elds, although similarity in species richness mainly occurred between the sprayed fi eld and the unsprayed fi eld with half number of cuttings. Some differentiations in population density of mites also occurred between the sprayed fi eld and the unsprayed ones, possibly due to the extra disturbance in the sprayed fi eld. The spatial distribution of mites was aggregated in all fi elds. Our results indicate that spraying alfalfa with a pesticide slightly aff ects the mite populations in foliage and litter. We have to stress, however, that more replicates of fi elds are needed to be sure about the impact of the spraying with pesticides on mite communities.
